To determine whether X-ray, computed tomography (CT), bone scan, and clinical impression accurately reflect the level of vertebral fracture in patients about to undergo vertebroplasty. Design: Retrospective observational study, utilizing patient inpatient notes, referral correspondence, and clinicians' private notes. Setting: Single center -all patients referred to one pain medicine physician for vertebroplasty who subsequently had the procedure. Participants: All patients referred to a pain physician (PJG) over a 4-year period, who had a presumptive diagnosis of vertebral fracture(s) from the referring consultant physician, based on imaging other than magnetic resonance imaging (MRI) and clinical impression. Participants then had an MRI and subsequent vertebroplasty under the care of the pain physician. Participants were identified retrospectively from the vertebroplasty procedure list. Intervention: Nil. Main outcome measure: Number of cases in which the MRI identified a different level of pathology than X-ray, CT, bone scan, and clinical impression. Results: In 50% (28/56) of patients MRI identified a fracture at a different level to that which was presumed to be the cause of patient pain on the basis of X-ray, CT, and clinical impression. Conclusion: MRI is an essential investigation to determine accurately the level of fracture in osteoporotic patients. Studies on the effectiveness of treatment of vertebral fractures that do not utilize MRI in every case are unlikely to be accurate.
Introduction
Vertebroplasty is a technique used to treat vertebral fracture whereby methyl methacrylate is injected into the vertebral body, with the aim of alleviating pain. The National Institute for Health and Clinical Excellence (NICE) indications for vertebroplasty include vertebral fracture from osteoporosis, hemangioma or tumor invasion. 1 Where acute vertebral fractures occur due to these disease processes, patients who experience severe unremitting pain or pain continuing beyond 6 weeks duration of conservative treatment are considered appropriate candidates for vertebroplasty. [2] [3] [4] [5] Several studies have highlighted the importance of the fracture being both acute and symptomatic in order for optimal outcomes to occur as a result of vertebroplasty, and have acknowledged that the vital step of correctly identifying and treating the symptomatic fracture is often done poorly. 3, 6 In particular, the role of preprocedural magnetic resonance imaging (MRI) in establishing fracture position, age, extent and stability has been well documented as has the role of MRI in giving concurrent information about other spinal abnormalities. [3] [4] [5] [6] [7] [8] [9] [10] MRI can identify the acute nature of vertebral fractures based on certain features. In addition to anatomical vertebral collapse, these include signal changes such as hypointensity on T1-weighted images (edema), hypo-intensity or heterogeneous intensity on T2-weighted images, and hyper-intensity on fat-suppressed T2-weighted images or on short T1 inversion recovery (STIR) sequences where fluid represents marrow oedema. [3] [4] [5] 11 Other changes become characteristic once a fracture has been present for periods over one month, in fractures that are fully healed, and in situations where the fracture is related to malignant compression or a hemangioma. 4 Two randomized controlled trials comparing vertebroplasty to a sham procedure aimed to draw conclusions on the effectiveness or otherwise of vertebroplasty. 12, 13 The study by Kallmes et al 12 did not have a defined preprocedural imaging protocol that consistently included the use of MRI. Our study aims to re-focus the "vertebroplasty debate" on the preoperative patient/vertebral level selection for vertebroplasty, by comparing the information given by X-ray, computed tomography (CT), bone scan, and clinical examination in a series of patients thought to have vertebral fracture/s, with that gained from subsequent MRI assessment of the same patients.
Clearly, it is essential that any preoperative clinical diagnosis of the level of fracture is completely accurate if we are to make assumptions about the effectiveness of vertebroplasty as a procedure.
Study design
This was a retrospective observational study using hospital patient notes, clinician notes, and referral correspondence.
Methods
All patients treated with vertebroplasty by one pain physician (PG) at Hollywood Private Hospital Nedlands Western Australia over a 4-year period were identified by an independent researcher. Hospital notes, and clinician private notes, including referral correspondence and radiological reports were examined. Referrals where a definite clinical diagnosis had been made by a referring consultant physician on the basis of non-MRI imaging (X-ray, CT and/or bone scan) and clinical examination only were identified and included in this study (n = 68).
Patients who had an MRI prior to referral (n = 4), had an MRI as their only form of imaging (n = 5), or who could not have an MRI (n = 3) were excluded.
Plain films had been taken at various locations as had CT scans. However all patients had an MRI after referral, which was performed on a 1.5 tesla machine (Siemens Avanto, 2005, Erlangen, Germany) and comprised Sagittal T1-and T2-weighted sequences, STIR sequences, and axial T1 and T2 weighted images without contrast.
The difference in the diagnosis of the relevant level/s for vertebroplasty treatment before and after the MRI was noted. An analysis of the percentage of patients for whom the diagnosis before, and after, MRI was different was performed.
Results
During the period 2005-2009, 56 referrals among 51 patients (16 male, 35 female) were identified where the referring consultant physician had made a definite diagnosis based on X-ray, and/or-bone scan, and/or CT and clinical examination, but an MRI had not been performed. The average patient age at referral was 78.6 years. All patients after each referral underwent MRI immediately prior to any intervention which, in this group of patients, confirmed an acute fracture.
Due to the fact that we identified patients from a group who had gone on to have a vertebroplasty procedure, those who were referred over this period of time with a presumptive diagnosis of vertebral fracture but did not have a fracture on their preprocedural MRI were not identified or included in our cohort. This flaw in our study design is likely to have missed further cases of incorrect diagnosis at referral, and is expanded upon in our discussion section.
In 28/56 of the referrals (50%) the MRI resulted in a different level of treatment requirement than had previously been anticipated. Table 1 outlines patient details, the clinical and non-MRI imaging diagnosis, and the MRI diagnosis, along with the level which was subsequently selected for treatment with vertebroplasty in this series of patients.
In the majority of these cases (n = 24) the MRI revealed either (a) that there was an acute fracture at a different level to that of the referral (previously determined level shown to be an old fracture, or not fractured), or (b) that an additional level of acute fracture existed (as well as the originally determined level) which would require vertebroplasty treatment. Less commonly, the MRI revealed that an original fracture which on referral was thought to be old, was actually acute (n = 4).
Discussion
This retrospective observational study has confirmed that preprocedural MRI will often identify an acute fracture at a level not identified by clinical examination combined submit your manuscript | www.dovepress.com with X-ray and CT, and/or bone scan. This concurs with other studies which have also found that CT and/ or X-ray alone misdiagnose a substantial number of vertebral fractures. [8] [9] [10] [14] [15] [16] [17] For example, Takahara et al studied osteoporotic fractures and using MRI, identified 47.3% of fractures not seen on plain X-ray. 8 Benz et al identified 14 new fractures in eleven patients by performing an MRI within 7 days of planned vertebroplasty in patients who had had an MRI 3 or more months previously. 10 By performing a preoperative MRI examination on patients previously diagnosed with osteoporotic fractures on the basis of CT and clinical assessment, the therapy plan was changed in 16 out of 28 (57%) patients in a study by Spiegl et al. 18 Thus, there already exists published evidence that without preprocedural MRI, misdiagnosis or under diagnosis of the affected level proposed for treatment by vertebroplasty is likely and our study further confirms this finding. The above mentioned studies either compared a previous MRI with an immediate preprocedural MRI, or a radiologist's reported X-ray with an MRI, or were looking at utilizing MRI in vertebral fracture diagnosis in the workup for potential kyphoplasty. To our knowledge, ours is the first study where, in the workup for vertebroplasty, the MRI is compared with a clinical diagnosis (combining clinical findings with non-MRI imaging) made by a consultant physician where the physician felt confident that the level identified was accurate.
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In our study 50% of patients whose diagnosis was thought to be definite (based on X-ray, CT, and clinical impression by a consultant physician), were found to have a different pathological level after MRI suggesting that MRI preprocedure is necessary even if the clinical and radiological level seems certain without it (Figure 1 ).
There are some weaknesses in our study. As the data base used was patients who had undergone vertebroplasty, our study will have underestimated the number of patients in whom MRI changed the diagnosis, because it does not identify patients in whom the MRI demonstrated either no fracture or other pathology responsible for the patient's pain. In these patients vertebroplasty was not performed and therefore they were not identified and included in the database. Buchbinder et al found that 114 of 468 (24%) "eligible" patients (presumably thought clinically to have an osteoporotic fracture) did not have a fracture identified on MRI and a further 67 (14%) had "fracture greater than 12 months duration or did not meet MRI criteria". 13 Therefore it is possible that up to 38% more patients had the diagnosis submit your manuscript | www.dovepress.com Dovepress Dovepress changed after MRI, resulting in no vertebroplasty being performed. In future, prospective studies to include these patients would give a more accurate indication of the effect of MRI preprocedure.
The finding of a fracture on MRI may not have resulted in vertebroplasty in other patients in whom the fracture level was distant to the level of pain. All the patients included in the study were elderly, and clearly these patients have many potential causes for acute back pain. For example, one patient under our care was referred and subsequently admitted to hospital with the diagnosis of a vertebral fracture on the basis of clinical and radiological analysis; however MRI identified an epidural hematoma as the main source of pain. Other patients both in our study and the wider population may have coincidental fractures at sites distant to their pain, and many patients have multiple fractures of varying ages, but not all clinically symptomatic. 19 Those patients in our practice with these clinical scenarios who did not undergo vertebroplasty were not included in our database.
Our study was not undertaken to assess the efficacy of vertebroplasty although an analysis of outcomes using standard criteria would have added to the many retrospective case series and uncontrolled studies already published. These suggest that vertebroplasty is effective. 17 Recent randomized studies by Kallmes et al and by Buchbinder et al have suggested that the procedure is no more effective than placebo. 12, 13 Without certainty over the diagnosis of the age and level of all fractures treated with vertebroplasty in one of the randomized trials, the results from this randomized study are difficult to interpret. Kallmes states in his methodology that "MRI was only performed when the age of the fracture was not clear". 12 MRI was otherwise not a requirement for inclusion in the study. No data identifying how many of his patients underwent MRI are supplied. In patients who had MRI, the date of MRI relative to the date of procedure is not supplied. On the basis of our study and the studies described above, up to 50% of his patients who did not have MRI are likely to have had an incorrect level treated or a fracture not treated. Thus the results of the study by Kallmes et al 12 are likely to have underestimated the effect of vertebroplasty. The degree of error depends on the proportion of patients who underwent MRI immediately prior to their procedure.
Staples et al published a meta-analysis of the Kallmes et al 12 study combined with the study by Buchbinder et al 13 (in collaboration with these two authors) in an attempt to increase numbers for evaluation. 20 Clearly, any underestimate in the Kallmes et al study will have been perpetuated by this analysis.
The study by Buchbinder et al 13 did use MRI preoperatively and therefore does cast some doubt on the effectiveness of vertebroplasty. There have been many criticisms of this study on other fronts though. These include small numbers, inexperienced proceduralists, inconsistent procedural technique, long duration of pain in some patients, questionable significance of the fractures found (linear fracture in patients with long standing pain), and high incidence of complications compared to other studies. 21, 22 Furthermore, the "sham procedure" has been criticized as not being a true placebo. 22 Nevertheless, it does suggest that further studies are required, and the point of our paper is to highlight the necessity of preprocedure MRI in the selection process.
Conclusion
MRI is essential in accurately diagnosing vertebral fractures and any studies of the treatment of vertebral fractures in which MRI was not a requirement for inclusion are likely to have misrepresented the effect of the treatment under study. The manuscript management system is completely online and includes a very quick and fair peer-review system, which is all easy to use. Visit http://www.dovepress.com/testimonials.php to read real quotes from published authors.
